(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 




inn 



(43) International Publication Date (10) International Publication Number 

1 April 2004 (01.04.2004) PCT WO 2004/027207 Al 



(51) International Patent Classification 7 : E21B 17/10, 
B21D 26/02 

(21) International Application Number: 

PCT/CA2003/001392 

(22) International Filing Date: 

23 September 2003 (23.09.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

2,404,577 23 September 2002 (23.09.2002) CA 

j== (71) Applicant (for all designated States except US): TESCO 
== CORPORATION [CA/CA]; 6204 - 6A Street SE, Calgary, 

= Alberta T2H 2B7 (CA). 

— ml (72) Inventor; and 

= (75) Inventor/Applicant (for US only): SLACK, Maurice, 
=5 William [CA/CA]; 4628 Eleniak Road, Edmonton, Al- 

^= berta T6B 2S1 (CA). 



(74) Agent: BENNETT JONES LLP; Attention: Roseann 
Caldwell, 4500 Bankers Hall East, 855 - 2nd Street SW, 
Calgary, Alberta T2P 4K7 (CA). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 



[Continued on next page] 



(54) Title: PIPE CENTRALIZER AND METHOD OF FORMING 



< 



O 



(57) Abstract: A centralizer for 
installing on a metal pipe. The 
centralizer includes a generally 
tubular body having a central opening 
sufficiently large to allow insertion 
therethrough of a pipe having an 
external diameter; a sidewall of 
substantially uniform thickness 
including an inner-facing surface 
directed to the central opening and 
an outer-facing surface onto which 
are formed a plurality of outwardly 
protruding ribs by hydroforming the 
sidewall. A method for hydroforming 
a centralizer including placing a 
length of metal tubular work piece, 
the work piece having a sidewall and 
an central opening, inside a confining 
surface comprised of mold elements, 
the mold elements including cavities spaced and shaped in the configuration of desired side wall centralizer ribs, the mold elements 
being supported substantially against expansion radially outward from their position about the tubular work piece; applying 
sufficient pressure to the side wall through the inner bore to force the tubular sidewall radially outward against the confining surface 
and into the mold cavities to plastically deform the side wall to form centralizer ribs on the side wall; and removing the tubular 
work piece from the confining surface. 
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For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
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PIPE CENTRALIZER AND METHOD OF FORMING 
Field of the Invention 

The present invention relates to centralizers attached to pipe placed in boreholes. 
The invention discloses a method of hydroforming centralizers and means of their 
attachment to pipe. 

Background of the Invention 

The processes of drilling and completing well bores in earth materials using tubular 
strings are frequently benefited if the tubular string is prevented from fully 
eccentering and generally contacting or laying against the borehole wall. Devices, 
typically referred to as centralizers, are employed to provide this function of reducing 
eccentricity, or centralizing, the tubular string within the borehole. These devices are 
configured to economically meet a variety of drilling and completion applications. 

As disclosed in Canadian patent application 2350681, filed June 15, 2001 in the 
name of TESCO Corporation, the demands of drilling with casing lead to the need for 
inexpensive casing centralizers which are rugged, for example resistant to rib failure, 
comparatively easy to attach to the casing and able to withstand drilling rotation 
sufficient to complete at least one well. 

Such centralizers are also useful for applications beyond casing drilling. 
Summary of the Invention 

A hydroformed centralizer and method of manufacture has been invented. The 
centralizer is suitable for installation on pipe, such as would be useful in well bore 
drilling and casing operations. The present invention provides a metal centralizer 
having a cylindrical body carrying outwardly projecting ribs, hydroformed into its 
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sidewall, which when coaxially placed over a pipe may be retained by various 
means. 

The means employed for attachment may be varied according to the needs of the 
application. For example, in applications such as drilling with casing, typically 
requiring sufficient structural capacity to substantially prevent significant relative 
movement of the centralizer on the pipe, the centralizer body is provided with at least 
one cylindrical interval suitable for attachment by the method of crimping as taught in 
the aforementioned Canadian Application 2350681 . 

For applications where centralizer rotation about the pipe on which it is attached, is 
allowable or preferred, but its axial position is sought to be fixed, the hydroformed 
centralizer can be installed between stop rings affixed to the pipe, as commonly 
implemented for casing running. The stop rings may be fixed to the pipe by the 
method of crimping or by other means generally known to the industry such as set 
screws threadably mounted in the side wall of the stop rings. 

Thus, in accordance with a broad aspect of the present invention, there is provided a 
centralizer comprising: a generally tubular body having a central opening sufficiently 
large to allow insertion therethrough of a selected pipe having an external diameter; 
a sidewall of substantially uniform thickness including an inner-facing surface 
directed to the central opening and an outer-facing surface onto which are formed a 
plurality of outwardly protruding ribs by means of hydroforming the sidewall. 

In accordance with another broad aspect, the is provided a method for producing a 
centralizer, the method comprising the steps of: placing a length of metal tubular 
work piece, the work piece having a sidewall and an central opening, inside a 
confining surface comprised of mold elements, the mold elements including cavities 
spaced and shaped in the configuration of desired side wall centralizer ribs, the mold 
elements being supported substantially against expansion radially outward from their 
position about the tubular work piece; applying sufficient pressure to the side wall 
through the inner bore to force the tubular sidewall radially outward against the 
confining surface and into the mold cavities and thus plastically deform the side wall 
to form centralizer ribs on the side wall; and removing the tubular work piece from 
the confining surface. 
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In accordance with another broad aspect, there is provided a method for producing a 
centralizer for a pipe comprising: providing a tubular work piece selected to be 
formed into the centralizer having a central opening defining an inner diameter and a 
sidewall having an inner-facing surface directed toward the central opening and an 
outer-facing surface; providing a mold including a plurality of elements together 
forming a inner-surface defining a substantially cylindrical confining space and 
cavities formed in the inner surface positioned and configured so as to correspond to 
the position and configuration of ribs to be formed on the centralizer; positioning the 
tubular work piece and the mold elements such that the tubular work piece is within 
the substantially cylindrical confining space formed by the mold elements; securing 
the mold elements about the tubular work piece; applying sufficient fluid pressure 
against the sidewall to force the sidewall out against the mold elements and into the 
cavities of the mold elements to form a centralizer having ribs protruding outwardly 

Brief Description of the Drawings 

A further, detailed, description of the invention, briefly described above, will follow by 
reference to the following drawings of specific embodiments of the invention. These 
drawings depict only typical embodiments of the invention and are therefore not to 
be considered limiting of its scope. In the drawings: 

Figure 1 is a perspective view of a centralizer according to the present invention; 
Figure 2 is a side elevation of the centralizer shown in Figure 1 ; 
Figure 3 is a section along line A-A of Figure 2; 

Figure 4 is a perspective cutaway view through the wall of a hydroforming apparatus 
with coaxially positioned tubular work piece, a centralizer blank, installed therein. 
The view shows the mold elements and internal mandrel as they would appear prior 
to application of hydroforming pressure; 

Figure 5 is a perspective view of the mold elements comprising part of the 
hydroforming apparatus shown in Figure 4; 
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Figure 6 is the sectional view through the entire wall of the assembly shown in Figure 
4 as it would appear before application of forming pressure; 

Figure 7 is the sectional view through the entire wall of the assembly shown in Figure 
4 as it would appear after application of forming pressure; 

Figure 8 is a perspective view of a centralizer placed on a joint of casing as it might 
appear prior to assembly into a string being installed in a well bore; and 

Figure 9 is a perspective view of the centralizer shown in Figure 1 placed on a joint 
of casing between two stop rings as it might appear prior to assembly into a string 
being installed in a well bore. 

Description of the Preferred Embodiment 

According to the present invention, a hydroformed centralizer is provided as shown 
in Figures 1 to 3, for placement on a pipe as shown in Figure 9. 

Referring to Figures 1 to 3, a centralizer 1 is provided in its preferred embodiment 
having a metal body sidewall 6 defining an internal bore 2, cylindrical ends 3, 4, and 
a main body interval into which outwardly projecting hydroformed ribs 7 are formed. 
While three ribs are shown, any number can be formed on the centralizer. In its 
preferred embodiment, one or both of cylindrical ends 3, 4 can provide intervals 
suitable for crimping, if it is desired that the centralizer be installable for crimping. 

Ribs 7 can be evenly spaced around the main body interval and, in this illustrated 
embodiment, each rib extends along at least a portion of the length of the centralizer 
helically as commonly known to the industry. The ribs can be suitably shaped to 
accommodate the structural and flow requirements encountered in well bores and to 
stand the main cylindrical surface and ends 3, 4 from the borehole wall. As such the 
ribs provide a bearing surface 8 at their upper limits. The number, length and pitch 
of the rib helixes can be arranged so that the starting circumferential position of each 
rib overlaps the ending circumferential position of at least one adjacent rib. 

In applications where the centralizer is rotated with the pipe, such as required for 
drilling with casing, the bearing surfaces 8 may be provided with a wear resistance 
coating such as hardfacing to protect the ribs 7 from wear against the borehole wall. 
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In applications where rotation of the centralizer on the casing is permitted, the 
internal bore 2 can wear against the pipe. In such applications, therefore, the 
surface defining the internal bore may be provided over all or a portion thereof with a 
suitable friction reducing coating 2a such as for example of polyurethane. 

The placement of ribs 7 in the tubular wall is supported through provision of a 
hydroforming process. As shown in cross-section A-A of Figure 2, the hydroforming 
process allows ribs to be placed in the sidewall of centralizer 1 with some thinning of 
the sidewall at the rib. The specific forming method expands the rib outward while 
constraining the remainder of the tube. The volume of the material in the region of 
the rib, therefore, stays constant and some thinning must occur to accommodate the 
greater surface area/perimeter length of the rib compared to the original tube wall. 
The amount of thinning actually possible without failing the material depends on 
various properties of the material used to form the centralizer. As an example, when 
using steel the thinning is in the order of about 25% such that the formed wall 
thickness is 75% of the original wall thickness. 

The inner surface of the side wall is also deformed and includes indentations 5 that 
substantially follow the configuration of the outer ribs. The ribs can be formed with 
smooth, gradual, rather than sharp, surface transitions at the base and throughout 
the ribs. 

In one embodiment, the hydroforming process includes placing a length of metal 
tubular work piece having a sidewall. The material of the tubular work piece is 
selected to accommodate plastic deformation and substantially retain the effects 
hydroforming, while being useful in downhole environments. In one embodiment, the 
centralizer is formed of ductile metals such as, for example, steel. To hydroform a 
centralizer, wall thickness combined with the material strength must provide 
sufficient strength to react the eccentering and perhaps lateral drilling forces 
encountered by the tubular. These forces vary significantly depending on tubular 
size, hole geometry, location in the hole, drilling or running, etc. Generally, for 
example, if using steel, the wall thickness of the material for forming the centralizer is 
greater than about 1/1 6". On a cost benefit analysis, an upper limit for steel wall 
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thickness is about 1/2" for petroleum or even geothermal applications. In one 
embodiment, the material is steel having a wall thickness of 1/4". 

The tubular work piece is positioned inside a confining surface comprised of mold 
elements having cavities spaced and shaped in the configuration of the desired side 
wall protruding ribs. The confining surface can be generally cylindrical and 
positioned to generally align with the mid-section of the tubular work piece. The 
confining surface can be configured to support by cylindrical confinement opposite 
the end sections of the tubular work piece. The confining surface is contained within 
a support that holds the mold elements in position. The support can be a confining 
tube that holds the mold elements against movement radially outwardly away from 
the tubular work piece. Once the tubular elements are positioned about the tubular 
work piece, sufficient internal pressure can be applied against the inner surface of 
the side wall to force, as by inflating, the tubular sidewall radially outward against the 
confining surface and into the mold cavities and thus plastically form protrusions or 
ribs projecting outwardly from the side wall of the tubular work piece. The pressure 
is generated as fluid pressure, as by use of liquids contained to act at high pressures 
against the side wall. The ribs are formed, while substantially preserving the original 
tubular length. After formation of the ribs, the formed centralizer can be removed 
from the forming apparatus including the confining surface and its support. Removal 
of the mold elements from their support may require some force due to them 
becoming tightly jammed therein during hydroforming. Removal may be facilitated 
by providing a close fitting tapered collet between the support and the mold elements 
and means to axially displace the collet in the direction allowing radial expansion. If 
desired, the centralizer can then be treated, if required, by various means such as 
cropping, machining or applying coatings to improve wear resistance or to reduce 
friction. 

Referring now to Figure 4, the placement of such ribs in the tubular wall is supported 
through provision of an apparatus 100 enabling implementation of a specialized 
hydroforming process. The apparatus includes an assembly of close fitting largely 
cylindrical components sized to fit within and about the tubular work piece to be 
handled. Beginning with the innermost and progressing outward, these components 
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are: a mandrel 101, a mold assembly 103 comprised of elements 107, 108, an 
externally tapered collet 104 comprised of an assembly of jaws 105 and a confining 
support vessel or bell 106 internally tapered to mate with the collet. A means to apply 
axial displacement between collet 104 and bell 106 can be provided, such as a 
double acting hydraulic actuator (not shown). As will be apparent to one skilled in the 
art the axial displacement is converted to radial displacement by the collet jaws 1 05 
moving in contact with the bell 106 facilitating installation and removal of the close 
fitting parts. 

For hydroforming, a tubular work piece 102, from which a centralizer is to be formed, 
is positioned between mandrel 101 and mold assembly 103. 

Referring now to Figure 5, in one embodiment the mold assembly 103 is comprised 
of two elements 107, 108 mating at split line 112 and having three helical cavities 
109, generally shaped as the inverse of the desired rib geometry. The cavities can 
be closed or open through the mold, as shown. The form of the cavities dictates the 
shape of the ribs that will be formed from the mold. For example, the cavities can be 
formed to have abrupt edges to cause the ribs (Figure 8) to protrude abruptly, with 
edges of lower radius, from the cylindrical surface of the side wall. As will be 
appreciated, due to the plastic deformation that occurs during hydroforming, sharper 
edges can be achieved more readily where the deformation causes the work piece 
material to bend around a corner, rather than into a corner. Alternately, the cavities 
can have more gradual side walls (Figure 5) with large radiused edges to cause the 
ribs (Figure 1) to have a smooth transition from the cylindrical surface of the side 
wall. 

Removal of the mold elements from the formed centralizer after hydroforming can be 
facilitated by the slits 113 that act to introduce hoop compliance. Additionally, each 
mold element can form a portion of a cavity so that the elements are not engaged on 
the centralizer by the protrusion of a rib into a cavity. 

Referring now to Figure 6, the mandrel 101 is provided with internal seals 110 sized 
to seal against the inside bore 2 of the work piece blank 102 and a fluid entry port 
111 open to the mandrel outer surface between seals 110. When the work piece 
blank 102 is positioned about the mandrel, any fluid applied through port 111 is thus 
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contained by the work piece, mandrel 101 and seals 110, these components all 
being in sealing engagement. This allows application of fluid pressure to the internal 
surface of the workpiece 102 by suitable means such as may be provided by water, 
a high pressure gas, elastomers or hydraulic fluid. It is to be understood that the 
fluid employed to apply hydroforming pressure can be any fluid capable of 
transferring pressure with relatively little resistance from shear stress. 

Pressures required to hydroform depend, for example, on the strength of the material 
to be formed and the radius of the curvature to which the wall is formed. In one 
embodiment, pressures are from 100 to 200 Mpa (15,000 to 30,000 psi). Seals 110, 
etc. must be capable of containing such pressures. 

Referring now to Figure 7, application of sufficient fluid pressure through port 111 
causes the work piece 1 02 to expand and plastically deform unless constrained by 
contact with the internal surface of the containing mold, thus inflating the sidewall of 
the work piece 1 into the mold cavities 109. This forms ribs 7 in the work piece, 
therefore forming a centralizer from the work piece. The portion of the pressure force 
reacted by the mold 103 is in turn reacted through the collet 104 into the bell 106. 
Due to the tapered interface between the collet 104 and bell 106, the collet 104 may' 
tend to slip in the bell 106 while under pressure load allowing unwanted expansion of 
the work piece 102. This movement may be readily prevented by application of axial 
load or other suitable means of restraint between the collet jaws 1 05 and bell 1 06. 
Upon removal of the forming pressure, the mandrel 101 is readily removed, however 
a residual radial stress or interference may exist between the work piece 102 and 
mold 103 tending to resist removal of the work piece and the mold from collet 104. 
This radial stress is relieved by appropriate displacement of the collet relative to the 
bell enabling removal of the work piece 1 02 together with the mold elements 1 07, 
108, since the formed ribs 7 are interlocking with the mold cavities 109 after forming. 
Once removed from the forming apparatus 100 the mold elements 107, 108 may be 
removed from the centralizer formed from work piece 102. 

A hydroformed centralizer can be installed using various means onto a pipe for use 
in a wellbore. For example, means of mounting the centralizer body on a metal pipe 
can allow free rotation of the hydroformed centralizer on the metal pipe. If desired, 
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the means of mounting can limit the centralized range of axial travel. In such an 
embodiment, mounting can include placement of the centralizer on the metal pipe 
between two surfaces upset sufficiently with respect to the metal pipe external 
diameter to abut the ends of the centralizer body. The abutting surfaces typically 
provided by the shoulders of stop rings placed coaxially on the pipe on either side of 
the centralizer, the stop rings being fixed to the metal pipe by means of set screws, 
bonding or crimping. The means of crimping the stop rings can follow the teachings 
provided in Cdn. App. 2350681. The selected metal pipe can be, for example, 
casing for drilling or lining a borehole or drill pipe. 

As another example, the hydroformed centralizer can be installed to provide axial 
load and torque transfer by securing the centralizer to move both rotationally and 
axially with the pipe on which it is attached. 

Referring to Figure 8, in one embodiment the internal bore 2 of the formed 
centralizer body 1 can be arranged to loosely fit over at least one end of a pipe, 
shown as a threaded and coupled casing joint 9. This allows the centralizer to be 
readily placed somewhere along the length of the casing joint 9. When the casing 
joint is made up into a string, the centralizers are free to rotate and are constrained 
to slide between the couplings connecting the casing joints, which method of 
incorporating centralizers into a string is well known in the industry. 

For applications requiring structural attachment of the centralizer 1 to the casing 9 
enabling torque transfer, the centralizer can be fixed to the casing by crimping one or 
both of the end intervals 3a, 4a onto the casing as described in Cdn. App. 2350681 . 
For such applications the material of the centralizer body 1 in one or both of the end 
intervals 3a, 4a can be selected to preferably have its elastic limit less than that of 
the casing joint 9. 

As an alternate method of attachment providing axial load and torque transfer, one 
or both of the centralizer end intervals may be provided with set screws (not shown). 
Once positioned on the pipe, the set screws are tightened to fix the centralizer in 
place, which method of attachment is well known to the industry. Similarly, the 
centralizer may be secured by use of welding or by injecting grout or other adhesive 
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into the interface between the centralizer bore and casing, which method of affixing 
centralizers is also known in the art. 

In a further embodiment, for applications requiring axial position control of the 
centralizer on the pipe but allowing rotation without significant torque transfer, Figure 
9 shows cylindrical stop rings 10 provided and placed on the pipe to secure the 
centralizer 1 therebetween. The stop rings 10 are affixed to the casing in a manner 
preventing axial sliding. In one embodiment, the stop rings are provided with set 
screws 11 and affixed to the pipe in a manner well known to the industry. In their 
preferred embodiment, the stop rings 10 are provided without set screws 11 and 
made from a ductile material suitable for attachment to the pipe by crimping. 

It will be apparent that these and many other changes may be made to the 
illustrative embodiments, while falling within the scope of the invention, and it is 
intended that all such changes be covered by the claims appended hereto. 
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Claims: 



1 . A centralizer comprising: a generally tubular body having a central opening 
sufficiently large to allow insertion therethrough of a pipe having an 
external diameter; a sidewall of substantially uniform thickness including 
an inner-facing surface directed to the central opening and an outer-facing 
surface onto which are formed a plurality of outwardly protruding ribs by 
hydroforming the sidewall. 

2. The centralizer of claim 1 wherein the ribs are formed by plastically 
deforming a tubular work piece outwardly from within its inner bore. 

3. The centralizer of claim 2 wherein the plastic deformation is achieved by 
fluid pressure. 

4. The centralizer of claim 1 wherein the ribs are treated to increase their 
wear resistance. 

5. The centralizer of claim 1 wherein the inner-facing surface includes 
indentations substantially conforming to the position and shape of the ribs. 

6. The centralizer of claim 1 wherein the tubular body includes a first end and 
an opposite end and the ribs are spaced back from the first end. 

7. The centralizer of claim 6 wherein the ribs are spaced back from the 
opposite end. 

8. The centralizer of claim 6 wherein the first end is formed to permit 
attachment therethrough to the pipe. 

9. The centralizer of claim 8 wherein the attachment is by crimping. 

10. The centralizer of claim 1 including a coating on at least a portion of the 
inner-facing surface. 

1 1 . The centralizer of claim 1 formed of metal. 
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12. A method for producing a centralizer, the method comprising the steps of: 
placing a length of metal tubular work piece, the work piece having a 
sidewall and an central opening, inside a confining surface comprised of 
mold elements, the mold elements including cavities spaced and shaped 
in the configuration of desired side wall centralizer ribs, the mold elements 
being supported substantially against expansion radially outward from their 
position about the tubular work piece; applying sufficient pressure to the 
side wall through the inner bore to force the tubular sidewall radially 
outward against the confining surface and into the mold cavities to 
plastically deform the side wall to form centralizer ribs on the side wall; and 
removing the tubular work piece from the confining surface. 

13. The method of claim 12 wherein the pressure is fluid pressure. 

14. The method of claim 13 wherein the fluid pressure is selected from 
hydraulic pressure or air pressure. 

15. The method of claim 12 wherein the mold elements are substantially 
cylindrical. 

16. The method of claim 15 wherein the mold elements contain slits to permit 
their circumferential expansion for removal thereof from the tubular work 
piece. 

17. The method of claim 12 wherein the mold elements abut circumferentially 
at adjacent ends to form the confining surface. 

18. The method of claim 12 wherein each mold element defines a portion of a 
cavity. 

19. The method of claim 12 wherein the mold elements contain slits to permit 
their circumferential expansion. 

20. The method of claim 12 wherein the step of placing includes inserting a 
mandrel into the central opening of the tubular workspace such that a 
space is formed between the mandrel and the sidewall, sealing about the 
space and positioning the tubular work piece in the confining space and 
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the step of applying sufficient pressure includes introducing fluid pressure 
to the space. 

21. The method of claim 12 wherein upon removal of the centralizer from the 
confining surface, the tubular work piece sidewall is of substantially 
uniform thickness. 

22. The method of claim 12 further comprising applying a coating to the 
tubular work piece inner surface once the tubular work piece has been 
removed from the confining surface. 

23. The method of claim 12 further comprising treating the ribs to increase 
their wear resistance once the tubular work piece has been removed from 
the confining surface. 

24. The method of claim 12 wherein removing the centralizer from the 
confining surface includes expanding the mold elements to overcome their 
hoop stress. 

25. The method of claim 12 wherein the ribs are formed to protrude smoothly 
from the sidewall cylindrical outer surface. 

26. A centralizer formed by the method of claim 12. 

27. A method for producing a centralizer for a pipe comprising: providing a 
tubular work piece selected to be formed into the centralizer having a 
central opening defining an inner diameter and a sidewall having an inner- 
facing surface directed toward the central opening and an outer-facing 
surface; providing a mold including a plurality of elements together forming 
a inner-surface defining a substantially cylindrical confining space and 
cavities formed in the inner surface positioned and configured so as to 
correspond to the position and configuration of ribs to be formed on the 
centralizer; positioning the tubular work piece and the mold elements such 
that the tubular work piece is within the substantially cylindrical confining 
space formed by the mold elements; securing the mold elements about the 
tubular work piece; applying sufficient fluid pressure against the sidewall to 
force the sidewall out against the mold elements and into the cavities of 
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the mold elements to form a centralizer having ribs protruding outwardly 
from its outer surface; and removing the centralizer from the mold 
elements. 

28. The method of claim 12 wherein the step of placing includes inserting a 
mandrel into the central opening of the tubular workspace such that a 
space is formed between the mandrel and the sidewall inner facing 
surface, sealing about the space and positioning the tubular work piece in 
the confining space and the step of applying sufficient pressure includes 
introducing fluid pressure to the space. 

29. The method of claim 27 wherein the fluid pressure is air pressure. 

30. The method of claim 27 wherein the fluid pressure is hydraulic pressure. 

31. The method of claim 27 wherein the mold elements are substantially 
cylindrical. 

32. The method of claim 30 wherein the mold elements contain slits to permit 
their circumferential expansion. 

33. The method of claim 27 wherein the mold elements are separable from 
each other by way of a circumferential split. 

34. The method of claim 27 wherein each mold element defines a portion of a 
cavity. 

35. The method of claim 27 wherein the mold elements contain slits to permit 
their circumferential expansion. 

36. The method of claim 27 wherein upon removal of the centralizer from the 
confining surface, the centralizer sidewall is of substantially uniform 
thickness. 

37. The method of claim 27 further comprising applying a coating to the 
centralizer inner surface once the centralizer has been removed from the 
confining surface. 
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38. The method of claim 27 further comprising treating the ribs to increase 
their wear resistance once the centralizer has been removed from the 
confining surface. 

39. The method of claim 27 wherein removing the centralizer from the 
confining surface includes expanding the mold elements to overcome their 
hoop stress. 

40. A centralizer formed by the method of claim 27. 
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